In some recent papers, we studied pure SU(4) gauge theory with the Wilson action on a hypercubical lattice in four space-time dimensions and found a firstorder phase transition at/3 = 10.2 [1 ] , that this phase transition was not deconfining [2] and measured the asymptotic freedom scale parameter A 0 [2] . In the present paper, we wish to apply a renormalizationgroup scheme [3] for comparing the bare coupling constants at different cutoff values, to the gauge group SU(4). This procedure was previously successfully applied to SU(2) [3] and SU(3) [4] . In order to implement this renormalization-group procedure to SU(4), we measure all Wilson loops up to size 4 X 4 on an 8 4 lattice.
Although the gauge group of interest to the strong interactions is SU(3), there are interesting reasons to extend these renormalization group studies to SU (4) . First, considerable work has gone into using the in-I Permanent adress: Department of Mathematics, Royal HoUoway College, Englefield Green, Surrey, TW20 OEX, UK.
verse of the group size as a possible expansion parameter. Going to a larger group should improve the convergence of this expansion and permit testing its details. Second, the phase transition structure of the pure Wilson theory changes qualitatively at SU(4), where a first order transition first appears. This transition is presumably an artifact of the formulation and should not have any effect on continuum results. It is of interest therefore to see if the presence of this transition significantly alters conclusions based on physical ratios of loops, as used in the previous studies with SU (2) and SU(3). Since our calculational procedure is described in great detail in refs. [3, 4] , the description in the present paper is brief. We work on a hypercubical lattice in four euclidean space-time dimensions [5, 6] . The link joining the nearest-neighbor lattice sites i and j is denoted by { i, j} and on this link sits an N × N unitary-unimodular matrix Uij of the gauge group SU(N) with /.7/. i = (gi/.) -1 "
We define our partition function by
where/3 is proportional to the inverse coupling constant squared,/3 = 2Nigh, where go is the bare coupling constant, and dUij is the normalized invariant Haar measure for SU(N). The action S is defined as a sum over all unoriented plaquettes [] such that
Here U[] represents the product of link variables around the given plaquette. Periodic boundary conditions were used throughout our calculations and the lattice was equilibriated by the method of Metropolis et al. [7] . Our calculations were carried out on a vector processor, the CDC CYBER 205. Full details of the vectorization of our calculations is given in ref. [8] . From now on we specialize to SU(4). We define our Wilson loops [9] by the expectation value
W(I, J) ~-~-(Re tr UC ) ,
where the rectangle C has length I and width J and U C is the product of link variables around C. The logarithmic ratios X(I, J) defined by Following ref. [3] , we introduce ratios of Wilson loops, which have the same perimeter and the same number of corners. This removes the associated ultraviolet divergences. These ratios are defined on length scales differing by a factor of two. Thus, we consider
The leading-order weak-coupling expansions are
where pl = 0.123 899 43. The final term in eq. (3) represents finite cutoff corrections, with r being the scale of the observable under consideration; see ref.
[3] for more detail. A renormalization-group fixed point/3 F would occur when the observables are scale invariant, i.e. when
Eq. (7) of ref. [4] suggests that at weak coupling, with a suitable shift in the inverse coupling constant squared, the two functions F(/3) and G03) should be the same with
We performed our calculations by first carrying out 20 iterations through the 84 lattice with 16 Monte Carlo updates per link. The Wilson loops were then calculated over the next 240 iterations through the lattice. In fig. 1 we show some ordered phase starting runs for the Wilson loops. In fig. 2 we show the Wilson loops 1 × 1,2 × I, 2 × 2, 4 X 2 and 4 X 4 as a function of/3. The leadingorder strong-and weak-coupling expansions of eqs. (1) and (2) (1) and (2) [21 A 0 = (4.5 + 0.5) X 10-3N/'g ,
where K is the string tension. Note that the Monte Carlo data appear somewhat steeper than the scaling prediction. This suggests that the nearby transition is delaying the onset of scaling and that A/v~may be somewhat larger than the earlier statement in eq. (6) . The errors in fig. 3 are the maximum standard deviation errors measured in the averaging procedure.
We feel that as a result of these errors, the results derived from the measurements of the larger Wilson loops have statistical significance. In fig. 4 the quantities F and G are shown as functions of the inverse coupling constant squared/3. Also plotted are the leading-order strong-coupling expansions of eqs. (10) and (11) 
